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 Semiconductor ZnS thin films have been deposited by a chemical bath deposition (CBD) on a glass substrate at 80 °C 
with different deposition time (4, 6 and 8 h). The films have been further studied in order to determine the change in optical 
and electrical properties as a function of deposition time. The film thicknesses have been calculated between 210 – 1375 nm 
by using gravimetrical analysis. The optical properties of ZnS thin films have been determined by transmittance (%T) and 
absorbance (A) measurements by UV-Vis spectroscopy operated wavelength range between 300 and 1100 nm at room 
temperature. The optical transmittance values of ZnS thin films in the visible region of the electromagnetic spectrum have 
been found to be between 51–90%. The calculations indicate that the refractive index (n) in the visible region is between 1.40 
and 2.45. The optical band gaps (Eg) of thin films have been calculated between 3.61–3.88 eV while the band edge sharpness 
values (B) are varied between 6.95 × 109–8.96 × 1010 eV/cm2. The specific resistivity values (ρ) of the films are found to be 
between 1.08 × 105–1.01 × 106 Ω·cm and exhibit an n-type conductivity by Hall measurement. 
Keywords: ZnS, Thin film, CBD, Optical properties, Electrical properties 
1 Introduction 
Semiconductor zinc sulfide (ZnS) thin films play 
important role in terms of their utility in optoelectronic 
and photovoltaic devices. Among II-VI semiconductor 
compounds, ZnS holds a rather wide band gap (3.8 eV) 
and a high refractive index (2.3) with an n-type 
conductivity1-4. ZnS semiconductor thin films have 
been recently utilized as a promising materials in 
applications such as solar panel window materials, 
information storage, data transfer, and UV-sensitized 
coatings5. The reason of utilizing ZnS in solar panel 
windows can be explained in terms of having wide 
band gap of the ZnS electronic structure inducing 
reduction of absorbance losses, and increasing in the 
short-circuit current6. ZnS thin films show a high 
refractive index, and have a dielectric filter along with 
its high transmittance values in the visible region of 
the light spectrum utilizing them in optical reflector 
applications7. It should be noted that those films can 
also be used in blue and UV light emitting diode 
(LED) applications8. ZnS thin films require a high 
quality growth in order to use them in 
electroluminescence and solar cell applications. 
There are various techniques to obtain the high quality 
of films9, such as molecular beam epitaxy10 (MBE), 
metal-organic vapor phase epitaxy11 (MOVPE), 
metal-organic chemical vapor deposition12 (MOVCD), 
pulsed electrochemical deposition13, RF magnetron 
sputtering14, hydrothermal15, spray pyrolysis16, 
chemical vapor deposition17 (CVD), and chemical 
bath deposition18-20 (CBD). The very fact that the 
chemical deposition technique is fast, reliable, 
relatively easy and can also be obtained at high 
temperatures in atmospheric pressure conditions, 
which makes it superior to other techniques. 
Additionally, the technique is suitable for large 
surface semiconductor coatings with low cost, which 
can also be taken into account in terms of its 
advantages over other technique.  
In this study, the effects of deposition time on 
optical and electrical properties of ZnS thin films are 
deeply investigated by using various experimental 
techniques. The experimental results showed that ZnS 
thin films are highly promising materials to utilize the 
optoelectronic device technology. 
——————— 
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2 Experimental Details 
 
2.1 Deposition of ZnS thin films  
ZnS thin films are deposited by chemical bath 
deposition (CBD) on a glass substrate. Prior to the 
deposition, the glass substrate with dimensions of 
76×26×1 mm3 is cleaned in a systematical order. The 
substrate is kept in diluted chromic acid for 5 min, and 
rinsed in tap water afterwards. Subsequently, the 
cleaning is further carried out with detergent only to be 
rinsed again in deionized water (Purelab flex 3, water 
purity: 18.2 MΩ at 25 °C). In the last step of the 
cleaning process, the substrate is kept in ethyl alcohol 
(99.9% purity) for 10 min and rinsed with deionized 
water. The drying of the glass substrate is completed in 
an oven set at 100 °C for 2 h. The chemical constituents 
and materials for the ZnS thin film processing are 
selected with great care considering their function in 
the solutions. The ZnS thin film process solution 
consists of 1 M ZnSO4, 2.5 mL NH3/NH4Cl buffer 
solution (pH=10.7), 0.8 mL 0.66 M C6H5Na3O7·2H2O 
(TSS), 2.5 mL 1 M N2H4CS (thiourea), and 0.5 mL 
3.75 M N(CH2CH2OH)3 (TEA) mixed with 12 mL of 
deionized water. The solutions are then transferred to 
25 mL sterilized crucibles in order to start the mixing 
process. The mixing is achieved using a magnetic 
stirrer until a point of complete homogenization. In the 
next step, the clean glass substrates that are specified 
to particular dimensions as mentioned (76×26×1 mm3), 
are dipped into the solution perpendicularly. This 
prevents any irregular particle precipitations; thus; 
maintaining a good quality of thin films. The 
deposition time is kept at 4, 6, and 8 h for one 
immersing. The temperature is kept at 80 °C at all times 
during the process of the thin film production. 
Subsequent to the immersing process, the films are 
washed with deionized water followed by a drying 
process in the air. In order to obtain the optical and 
electrical characterization of the samples, one of the 
two sides where there is a thin film deposition 
observed, is removed with the help of a cotton bud, and 
rinsed with deionized water. The same drying process 
is repeated. It should be noted that the moisture 
conditions are strictly controlled, and the experiments 
are carried out in a no-moisture atmosphere. 
 
2.2 Formation mechanism of ZnS thin films  
 The selection process for the chemical compounds 
and materials for the ZnS thin film deposition is 
handled with care considering their functions and 
importance in the solutions. TEA [N(CH2CH2OH)3] is 
used in order to prevent the formation of the Zn in the 
solution; therefore, it reduces the reaction rate. The 
precipitation speed is slowed down by thiourea 
(N2H4CS), which is a moderately acceptable source of 
sulfides. The utility of TSS (C6H5Na3O7·2H2O) is 
solely to arrange in solution metallic bonds.  
However, to maintain a fixed pH value (pH=10.7) 
ammonia/ammonium chloride (NH3/NH4Cl) is used as 
a buffer solution. The function of TEA, TSS and NH3 
deposition solution is to form a complex compound 
with ionic zinc followed by a slow release of these 
complex ions (Zn2+) to the medium. In reference to 
previous statements, chemical reactions that is 
necessary to release the Zn2+ into the medium are  
given by as follows: 
 
ZnSOସ ⇌ Znଶା + SOସଶି 
Zn(TEA)୬ଶା ⇌ nTEA + Znଶା 
Zn(NHଷ)୬ଶା ⇌ nNHଷ + Znଶା 
Zn(TSS)୬ଶା ⇌ nTSS + Znଶା 
 
S2- ions is formed by hydroxylation of ions produced 
by the buffer solution. The detailed steps regarding the 
formation of S2- are shown below: 
 
NHସ + HଶO ⇌ NHଷ + HଷOି 
NHଷ + HଶO ⇌ NHସ + OHି 
NଶHସCS + OHି ⇌ SHି + CHଶNଶ + HଶO 
SHି +  OHି ⇌ Sଶି + HଶO 
 
S2- ions are then coupled with Zn2+ ions to form ZnS 
as seen in the simple reaction below: 
 
Znଶା + Sଶି ⇌ ZnS 
 
The formation characteristics and reactions of the 
ZnS from the aforementioned ligands (TEA, NH3 and 
TSS) are given below:  
 
[(TEA)୬Zn]ଶା + NଶHସCS + 2OHି
⇌ ZnS + n(TEA) + NHଶCONHଶ + HଶO 
 
[(NHଷ)୬Zn]ଶା + NଶHସCS + 2OHି
⇌ ZnS + n(NHଷ) + NHଶCONHଶ + HଶO 
 
[(TSS)୬Zn]ଶା + NଶHସCS + 2OHି ⇌ ZnS + n(TSS) +
NHଶCONHଶ + HଶO 
 
2.3 Characterization of ZnS thin films  
The thickness measurements of the thin films are 
performed by a Denver instrument TP-214 model 
gravimetrical analysis tool that has a sensitivity of  
0.1 mg, and capable of weighing loads up to 210 g. The 
measurements are achieved in a two-step, starting with 
the measurement of a clean glass substrate, and then a 
glass substrate combined with the formation of thin 
film on the surface. The optical properties of the thin 
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films are then determined by the Perkin Elmer UV-Vis 
Lamda 2S spectrophotometer in the region of ߣ =300–
1100 nm wavelength. It should also be mentioned that 
the UV-Vis analysis is carried out at room temperature 
to obtain the absorbance (A) and optical transmittance 
(T) values. Initially a correction of the sort is made on 
the substrate and the incident beam/radiation that pass 
through the glass is normalized in a degree of 100%. 
With those room temperature optical transmittance 
values, they are let free of their dependency on the 
absorbance of substrate material. Specific resistivity 
measurements of thin films are obtained with Hall 
measurements at room temperature. The specific 
equipment utilized for these measurements is an 
Ecopia Hall effect measurement system HS-3000. 
 
3 Results and Discussion 
 
3.1 Optical properties 
Thin films deposited by the chemical bath 
deposition method at 80 °C and 4, 6, and 8 h time 
durations are measured in terms of their thickness with 
the gravimetrical analysis21: 
 
ρ

A
mt   … (1) 
 
where m is the mass of the thin films in g, ρ is the 
density in g/cm3 and A is the deposition surface area in 
cm2. It is worth noting that the films thickness is 
considered as a uniform through the sample, and a 
constant density value22 of ZnS is taken as 4.1 g/cm3. 
The thickness values of the thin films deposited in 4, 6, 
and 8 h, are measured as 210, 775 and 1375 nm, 
respectively. Figure 1 shows the variation of ZnS film 
thickness as a function of the deposition time. As 
clearly seen in Fig. 1, the film thickness increases 
linearly with deposition time. The optical transmittance 
(T%) and absorbance (A) values for the ZnS thin  
films between λ = 300–1100 nm region are given in 
Fig. 2(a, b).  
The examination of the transmittance and 
absorbance values yields a correlation between the film 
thickness and optical transmittance. The results reveal 
that an increase in the film thickness leads to a decline 
in the optical transmittance by 51% to 90%. Again, the 
evaluation of the absorbance values indicates that there 
is a sharp turn of events in the 300-330 nm region when 
compared to others as seen in Fig. 2(b), while the 
deposition time appears to increase the absorbance of 
the films. The absorbance band edge are initialized at 
~ 310, 320, and 330 nm, for 4, 6, and 8 h deposition 
intervals, respectively. It is thought that the offset in 
the absorption edge is caused by a change in the grain 
size related to a difference in the film thickness. The 
different optical property parameters such as the 
absorption coefficient (α), refractive index (n), and the 
 
 
Fig. 1 — Film thickness as a function of the deposition time for 
4, 6, 8 h. 
 
 
 
Fig. 2 — Optical (a) transmittance and (b) absorbance spectra of 
4, 6 and 8 h samples at 80 °C. 
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extinction coefficient (k) are calculated by using  
the optical transmittance/absorbance spectrums and 
equations below23: 
 
  teRII α20 1    ... (2) 
 
AT  10   ... (3) 
 




0
ln1α
I
I
t
  ... (4) 
 
2
1
α
0
 1 








 te
I
IR  
 
... (5) 
 
4π
αλk   ... (6) 
 
 
2
21
4
1
1 k
R
R
R
Rn 



  
 
...
 
(7) 
 
where I and I0 indicate the amount of light that passes 
through the film and that is received form 
spectrophotometer, respectively. T is defined as the 
optical transmittance.  
As clearly seen in Fig. 3, the deposition time causes 
an increase in the refraction values due to an increase 
in the film thickness, and the data from the other 
measurements such as the optical transmittance and 
absorbance is also proof regarding the aforementioned 
deductions. Furthermore, there are various studies in 
the literature in which the same conclusions have been 
reached regarding the relationship between those 
parameters24-26. Figure 4(a) indicates that the refractive 
index (n) values for the thin films are between  
1.40–2.25, and a rising trend is observed with respect 
to the increasing deposition time; hence the film 
thickness. The correlation between the extinction 
coefficient (k) with respect to the wavelength reveals 
that for the 4 h deposition time, the extinction 
coefficient decreases as the wavelength increases, 
whereas for the 6 and 8 h deposition time this 
relationship exhibits the exact opposite behavior as 
seen in Fig. 4(b). It can be said that this relationship is 
expected since the Eq. (6) exposes that there is indeed 
a correlation between the extinction coefficient (k) and 
absorbance. Additionally, especially upon examination 
of the Fig. 2(b) spectrum, it can be concluded that there 
is a dependence of the extinction coefficient on, not 
only the absorbance, but also the wavelength. The 
fluctuations over the refractive index (n) and extinction 
coefficient (k) are thought to be caused by the grain 
boundaries within the material structure. It should be 
pointed out that there is a strong correlation between 
the results of this study and the literature regarding the 
relationship between the film thickness and the 
refractive index27:  
 
 
 
Fig. 3 — Reflection spectra of ZnS deposited for 4, 6, and 
8 h at 80 °C. 
 
 
Fig. 4 — (a) Refractive index and (b) extinction coefficient values 
of ZnS thin films deposited for 4, 6, and 8 h at 80 °C. 
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ε = εଵ + ݅εଶ  … (8) 
 
where 1 is the real dielectric constant and 2 is the 
imaginary dielectric constant, and the equations for 
obtaining these values are seen below:  
 
εଵ = ݊ଶ + ݇ଶ  … (9)  
 
εଶ = ݊݇  … (10) 
 
The dielectric constant values of the different films 
are calculated using Eq. (9) for the real dielectric 
constant (1) and Eq. (10) for the imaginary dielectric 
constant (2) as demonstrated in Fig. 5(a, b). It is 
observed in Fig. 5(a) that the real dielectric constant of 
the thin films increases as the deposition interval 
widens with the effect of the increasing film thickness. 
On the other hand, the trend for the imaginary dielectric 
constant is quite different, as seen previously. The 
examination of the results reveals that the imaginary 
dielectric constant values for the 4 h samples decline as 
the wavelength increases, whereas for the 6 and 8 h 
samples, the situation is the opposite, since the 
imaginary dielectric constant climbs as the wavelength 
increases, which is expected given the prior evaluations 
on these thin films. Equation (9) successfully 
demonstrates the linear correlation between the 
refractive index (n) and 1 or 2 since the term k2 is too 
small to be taken into account where Eq. (10) explains, 
yet again, the linear correlation between the extinction 
coefficient and imaginary dielectric constant. It can be 
said that the analysis from Fig. 4(a,b) indicates the 
relationship between the wavelength dependent 
refractive index values and extinction coefficient and 
real/imaginary dielectric constant analysis, complement 
to each other. It is worth noting that these results are in 
full accordance with the literature28.  
The band gap determinations of the ZnS thin films are 
obtained by the Tauc equation29 that is given in Eq. (11):  
 
   g nαh A h E     … (11) 
 
where A is a constant (number), h is the energy of a 
photon particle, and Eg is the band gap. The value n 
indicates a constant number of ½ for the allowed direct 
transitions and 2 for the allowed indirect transitions.  
The determination of Eg is accomplished by the 
determination of the point where h axis is cut at a 
point where (ahv)2 = 0 as given in Fig. 6. The band edge 
 
 
Fig. 5 — (a) Real and (b) imaginary dielectric constant of ZnS thin 
films deposited for 4, 6, and 8 h at 80 °C. 
 
 
Fig. 6 — Plots of (αhν)2 vs hν for the ZnS thin films deposited at 
80 C with different deposition time (4, 6, and 8 h). 
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sharpness (B) is determined via the slope in the linear 
region of (ahv)2 – hv. Table 1 presents the overview of 
the optical band gap (Eg) and the band edge sharpness 
(B) values.  
The values calculated in this section, and given in 
Table 1, are very much in accordance with the 
literature30-33 similar to this study.  
 
3.2 Electrical properties 
The determination of electrical properties of ZnS 
thin films is accomplished by an Ecopia Hall effects 
measurement system HS-3000 tool and all 
measurements are carried out at room temperature. The 
values of specific resistivity (), mobility () and 
carrier density (n) for ZnS thin films with respect to 
deposition time is given in Fig. 7. The mathematical 
correlation between specific resistivity (), mobility 
() and carrier density34 (n) is indicated with Eq. (12): 
 
μ
1ρ
ne
   ... (12) 
 
The specific resistivity values of the thin films are 
found to be 1.08×105, 4.83×105 and 1.01×106 Ω·cm at 
80 C for 4, 6 and 8 h, respectively. An examination of 
the values in the literature confirms the values found in 
this study35,36. It should also be noted that the films 
exhibit an n-type behavior. It is expected that the time 
of the film deposition affects parameters such as 
specific resistivity (), mobility () and carrier density 
(n) in a way in which these parameters reduce as the 
deposition increases, and Eq. (12) is a substantial proof 
regarding the mathematical background of this 
behavior. The expectation is satisfied as seen in Fig. 7.  
 
4 Conclusions 
The production of ZnS semiconductor films is 
deposited by the chemical deposition in different 
deposition time such as 4, 6, and 8 h, at 80 C. The 
films are then characterized and evaluated in terms of 
their optical and electrical properties. The film 
thicknesses are measured to be between 210–1375 nm 
and it is clearly shown that the film thickness rises up 
as the deposition time increase. It is also shown that the 
thin films have a high refractive transmittance (T%), 
and these values decline as the deposition time extends. 
The refractive index (n) in the visible region of the light 
spectrum is determined to be between 1.40 and 2.45, 
and these values show a tendency to increase with 
rising deposition time. The band gap energy (Eg) values 
vary between 3.61 and 3.88 eV, whereas the band edge 
sharpness (B) values are ranged within 6.95 × 109 – 
8.96 × 1010 eV/cm2. The specific resistivity () values 
are determined by Hall measurements, and the results 
indicate that the specific resistivity () for the thin 
films fluctuate within 1.08 × 105 – 1.01 × 106 Ω·cm 
showing an n-type conductivity. The thin films 
produced at 80 C in different deposition time are 
adequate candidates for photovoltaic solar panel 
windows and light emitting diode (LED) applications 
due to their optical and electrical properties. They can 
also be utilized in optical applications as such 
reflectors, as films possess a high refractive index. 
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